Using pathway modules as targets for assay development in xenobiotic screening.
Toxicology and pharmaceutical research is increasingly making use of high throughout-screening (HTS) methods to assess the effects of chemicals on molecular pathways, cells and tissues. Whole-genome microarray analysis provides broad information on the response of biological systems to chemical exposure, but is not practical to use when thousands of chemicals need to be evaluated at multiple doses and time points, as well as across different tissues, species and life-stages. A useful alternative approach is to identify a focused set of genes that can give a coarse picture of systems-level responses and that can be scaled to the evaluation of thousands of chemicals and diverse biological contexts. We demonstrate a computational approach to select in vitro expression assay targets that are informative and broadly distributed in biological pathway space, using the concept of pathway modularity. Canonical pathways are decomposed into subnetworks (modules) of functionally-related genes based on rules such as co-regulated expression, protein-protein interactions, and coordinated physiological activity. Pathway modules are constructed using these rules but are then restricted by the bounds of canonical pathways. We demonstrate this approach using a subset of genes associated with tumor development and cancer progression. Target genes were identified for assay development, and then validated by using independent, published microarray data. The result is a targeted set of genes that are sensitive predictors of whether a chemical will perturb each pathway module. These selected genes could then form the basis for a battery to test for pathway-chemical interactions under many biological contexts using throughput expression-based assays.